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SUMMARY

The extracellular domain of tumour necrosis factor-alpha (TNF-o) receptors have inhibitory
properties against TNF-a. The relative ratio between ligand and ligand inhibitors may influence the
outcome of meningococcaemia. To test this hypothesis, levels of TNF-a and of each of the soluble
inhibitory fragments originating from two distinct TNF-« receptors (STNF-RI and sTNF-RII) were
measured in sera of children with severe meningococcaemia. On admission to the hospital the levels
of STNF-RI, -RII and TNF-a were markedly increased and all three correlated with the outcome of
the disease. A correlation was found between TNF-a and sSTNF-RI (P<0-001 by Pearson rank
correlation coefficient) or STNF-RII (P=0-012). For TNF-a concentrations below 500 pg/ml, the
increase of TNF-a was proportional to that of sSTNF-RI and RII; however, when TNF-a levels
exceeded 500 pg/ml, sTNF-RI and RII concentrations did not increase proportionally. At admission,
in patients with fatal outcome, the ratios TNF-o/sTNF-RI and -RII were higher than in survivors.
During the first 6 hr, the kinetics of TNF-«, sSTNF-RI and -RII were different. Naturally occurring
TNF-ainhibitors may play an important role in modulating the biological activity of TNF-a in severe

meningococcaemia.

INTRODUCTION

Tumour necrosis factor-alpha (TNF-«) is an important media-
tor of inflammation. At low concentrations, TNF-a contributes
to homeostasis and host defence mechanisms, whereas at high
concentrations it mediates various severe pathological condi-
tions, particularly haemodynamic changes observed in Gram-
negative septic shock.'? Serum TNF-a concentrations correlate
with the severity of infectious purpura and meningococcal
infections.>4

TNF-a could be easily measured in sera in pathological
conditions but its true biological activity has been debated.® In
fact, human urine and serum, particularly in pathological
conditions, contain proteins which can interfere with the
functions of TNF-a when tested in assays of cytotoxicity, using
TNF-a-susceptible cell lines.®” Characterization of these inhibi-
tors revealed two immunologically distinct TNF-a-binding
proteins (TBP [ and TBP II).#® The same structures were found
to be part of the extra-membranous fragments of two TNF-a
receptors with apparent molecular masses of 55,000-60,000
MW and 75,000-80,000 MW, respectively.® !> The two frag-
ments are also referred to as soluble TNF receptor type I (sSTNF-
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RI) or sSTNF-R, and soluble TNF receptor type II (sTNF-RII)
or sTNF-Ra.'3"2 Both molecules, TBP and TNF-R are derived
from the same transcripts with microheterogeneity at the
proteolytic cleavage site. The two receptor fragments, STNF-RI
and sTNF-RII, can be detected in biological fluids by specific
monoclonal antibodies. In view of the deleterious effect of TNF-
o in septic shock, the relative ratio between TNF-a and its
inhibitors may determine the clinical outcome. The purpose of
this study was to investigate the relationship of TNF-a with
sTNF-RI and -RII in serum of children with severe meningococ-
caemia at their admission to the hospital and 6 hr later.

MATERIALS AND METHODS

A biological score was used to depict the severity of the disease:?
one point was given for each of the following biochemical
abnormalities known to be associated with fatal outcome: blood
leucocyte count below 10-0 x 10%/1, blood platelet count below
100-0 x 10%]1, fibrinogen level below 1-5 g/l, serum carbon
dioxide level below 15 mm/1 and cerebrospinal fluid count below
0-1 x 10%1. The criteria of admission to the study have been
described previously.? Briefly, children eligible for inclusion
were those with a clinical diagnosis of sepsis with purpuric
lesions. They were enrolled if they were in shock or if they had
three or more of the above biological abnormalities. At
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admission to the hospital and after 6 hr of evolution blood was
obtained for determination of the biological risk factors,
bacterial cultures, serum TNF-a, serum interleukin-6 (IL-6)
levels and TNF receptor concentrations. Twenty-one patients
had Neisseria meningitidis isolated from blood cultures and/or
cerebrospiral fluid cultures. Fifteen patients received a dose of
antibiotics before or during the transport to the hospital as soon
as the diagnosis of meningococcaemia was made.

TNF-a was measured by radioimmunossay (Medgenix Ltd,
Fleurus, Belgium), IL-6 was measured on IL-6-dependent
murine hybridoma cells 7TD1.2! sSTNF-RI and -RII were
assayed by enzyme-linked immunological binding assay accord-
ing to the method of M. Brockhaus and H. Gallati (manuscript
in preparation). Briefly, 96-well microtitre plates were coated
with monoclonal antibodies to sSTNF-RI (clone htr-20) or to
sTNF-RII (clone utr-4), then saturated with bovine serum
albumin (BSA) (Sigma Chemical Co, St Louis, MO). Microtitre
plates were washed and and 100 ul of standard (human
recombinant sTNF-RI and II, provided by Hoffmann La
Roche, Basel, Switzerland) or diluted samples were dispensed
onto the plates. Peroxidase-conjugated recombinant human
TNF-o (Hoffmann La Roche) was added to the wells, and plates
were incubated overnight at room temperature. After washing,
tetramethylbenzidine was added and incubated for 15-30 min.
The reaction was stopped with H,SO, and read at 450 nm. The
concentrations of sSTNF-RI and sTNF-RII in the samples were
determined by interpolation from the standard curve.

Statistics

Continuous values were compared by Mann-Whitney test or by
Wilcoxon test for paired data. The slope of the correlation
between ligand and ligand inhibitor was analysed using a locally
weighted smoothing model.?? Correlations were tested using

Table 1. Relation between clinical and biological parameters on
admission and outcome

Parameters Survival Death P*

Age (years) 49409 4-7+1-5 0-925
(26) )]

Duration of disease (hr)t 199+5-1 156433 0910
(26) ()]

Leucocytes (10%/1) 10-4+2-1 58413 0-412
(25 ©)

Fibrinogen (g/1) 2:740-3 0-5+0-1 <0-001
(26) (8)

Platelets (10%/1) 165428 39+8 0-001
(25) O]

TNF-a (pg/ml) 468 + 80 1466 +285 0-001
(26) )

IL-6 (ng/ml) 22-44+54 216-:34+84-2 <0-001
(26) ®)

sTNF-RI (ng/ml) 26:3+2-1 354430 0-007
(22) )]

sTNF-RII (ng/ml) 67-8+72 93-3+8-1 0-041
19) ()]

* By Mann-Whitney test.
T Intervals between first symptoms and admission to the hospital.
Data are mean + SEM; number of patients in parentheses.

Pearson’s rank correlation coefficient. Values are given as mean
+SEM. All P values are two-tailed.

RESULTS

Serum sTNF-RI concentrations were 2:19+0-10 ng/ml and
sTNF-RII concentrations were 0-79 +0-10 ng/ml in a control
group of healthy individuals (n=9). High sTNF-RI and sTNF-
RII levels were found in the patients with meningococcal sepsis
(29-8+1-8 and 76-:0+5-9 ng/ml respectively). Clinical and
biological parameters obtained at admission are shown in Table
1, classified according to the outcome. The overall mortality rate
was 26%. Fibrinogen concentration, platelet count, TNF-« and
IL-6 levels were the most efficient predictors of a fatal outcome.
Both sTNF-RI and sTNF-RII serum levels were higher in
patients with fatal outcome than in survivors.

On admission, a significant correlation was observed, using
Pearson’s rank correlation coefficient, between the levels of
TNF-a and sTNF-RI (P<0-001) or sTNF-RII (P=0-012).
These relations were analysed using a locally weighted smooth-
ing model® which revealed two distinct linear relationships (Fig.
1). For TNF-a concentrations below 500 pg/ml, the relation was
steep with small changes in TNF-a leading to important
increases in shTNF-RI levels (y=4-84+79-01 x). The relation
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Figure 1. Correlation between TNF-a and sTNF-RI or sTNF-RII.

Patients are represented in the correlation by the number of their

biological risk factors (as described in Materials and Methods) they had

on admission to the hospital. Circled numbers represent patients who
died. All the deaths occurred between 10 and 48 hr after admission.
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Figure 2. Evolution of the serum concentrations of TNF-«, IL-6, sSTNF-
RI and sTNF-RII. Values are expressed as per cent of changes between
concentrations obtained at admission and after 6 hr of evolution. Data
are mean +SEM. * P<0-001,  P<0-05; { P<0-01. Whole group (0O);
survival (8); death ().

Table 2. Evolution of the ratio TNF-a/sTNF-RI and -RII in children
with meningococcaemia

Survival Death
Ratio Admission 6 hr Admission 6 hr
TNF-a/sTNF-RI x 100 1-8+03 17403 40408* 21404
(n=22) (n=13) (n=9) (n=6)
TNF-a/sTNF-RII x 100 0-84+0-1 13403 1-6+0-3** 10101
(n=19) (n=10) (n=9) (n="6)

In the group of patients who died, the drop of the ratio during the 6 hr
following admission was significant (Wilcoxon test, P=0-028 for TNF-a/
sTNF-RI and 0-046 for TNF-o/sTNF-RII).

* P=0-005; ** P=0-029, compared to values of survivors at
admission by Mann-Whitney test.

flattened for TNF-a  concentrations >500 pg/ml
(y=28-50+4-08 x) (Fig. 1a). The difference between the slopes
was highly significant (P <0-001). Similar relations were
observed with sTNF-RII as shown in Fig. 1b (y=18-254145-08
xand y=79-9+7-25 x; P<0-001). The slope of the relationship
persisted after measuring the sSTNF-R at different dilutions in
the immunological binding assay (data not shown). Patients are
represented by the number of their biological risk factors
determined on admission as defined in Materials and Methods.
Circles represent patients who died.

The serum concentrations of STNF-RI, sTNF-RII, TNF-«
and IL-6 were also studied 6 hr after admission (Fig. 2). At this
time, a decrease of 28% in TNF-a concentrations was observed
in non-surviving patients as well as in those who recovered.
Similarly, IL-6 serum levels decreased by 44 + 11% in the whole
group, 49+ 12% in the deceased patient group and 43+ 15% in
the patients with a favourable outcome. The concentration of
sTNF-RI remained stable during the first 6 hr of evolution for
the two groups of patients, whereas the evolution of sSTNF-RII
in patients who recovered (drop of 35+ 9%) differed from that
of the deceased patients (increase of 6 + 16%) (Fig. 2). Consider-
ing the inhibitory effects of the two TNF-a receptors, we

wondered whether the ratio TNF-o/sTNF-R would be a better
indication of mortality than the receptor concentration alone.
Indeed, on admission the ratio was higher in the patients who
died (Table 2). Six hours after admission, the ratios of TNF-a/
sTNF-RI and -RII were comparable in the group of patients
who recovered and in those with poor outcome.

DISCUSSION

The data show that high amounts of STNF-RI or sTNF-RII are
produced in a ‘condition where circulating concentrations of
TNF-a are increased, and that high values correlate with fatal
outcome.

As the extracellular domain of TNF-a receptors have
inhibitory properties against TNF-a, the relative ratio between
ligand and ligand inhibitors may be related to the severity of
meningococcaemia. Two types of correlations were found
between TNF-a and sTNF-RI or sTNF-RII. When TNF-«
levels were low (<500 pg/ml) the increase in TNF-a was
proportional to that of sTNF-R. However, when TNF-a
exceeded 500 pg/ml the values of sSTNF-RI or sTNF-RII did not
increase proportionally, a fact evident only at the early stage of
the disease. The imbalance between TNF-o and sSTNF-R at this
stage could be of great importance ni the physiopathology of the
development of shock, TNF-a prevailing over the two inhibi-
tors. In this respect, one of the most relevant facts is the TNF-a/
sTNF-RI ratio at the time of hospital admission as it appears to
be of predictive value for a fatal outcome. After 6 hr of
evolution, the TNF-a/sTNF-RI ratio was similar in the group of
patients who recovered and in those who died.

During these 6 hr a disparity was observed in the evolution
of TNF-a and its receptors which could be related to a difference
in the kinetics between the ligand and its inhibitors. The
concentrations of the two sTNF-R also evolved differently,
which may be indicative of a distinct regulation of receptor
expression resulting either from increased expression on certain
types of cells and/or increased cleavage of the extracellular
moiety of the receptor. '

Recently, recombinant human TNF receptor fragments
have been found to be bioreactive and protective against
lethality in a model of D-galactosamine-sensitized mice injected
with endotoxin.?? Naturally occurring TNF-a inhibitors may
play an important role in modulating the biological activity of
TNF-a when the latter occurs in high levels, as in meningococ-
caemia. It is tempting to speculate that at a given time a critical
imbalance arises between ligand and ligand inhibitors that
decides the biological activity of TNF-« and correlates with the
clinical outcome.

ACKNOWLEDGMENTS

We thank M. Brockhaus (Hoffmann La Roche) for the technology for
setting up the TNF-R assays and C. Modoux for technical assistance.
The co-chairmen of the J5 Study Group are E. Girardin, J. D.
Baumgartner, F. Beaufils, F. Leclerc, S. Suter and M. Glauser. Part of
this work was supported by the Swiss National Science Foundation,
grant 32264 2689.

REFERENCES

1. TRACEY K.J., VLAssARA H. & CEraMI A. (1989) Cachectin/tumour
necrosis factor. Lancet, 1, 1122.



Concentrations of TNF-a and RNF receptor in meningococcaemia

. BEUTLER B. (1990) TNF in pathophysiology—biosynthetic regula-

tion. J. Invest. Dermatol. 95, S81.

. GIRARDIN E., GraUu G.E., DAYER J.M., Roux-LoMBARD P., J5

STUDY GROUP & LAMBERT P.H. (1988) Tumor necrosis factor and
interleukin-1 in the serum of children with severe infectious
purpura. N. Engl. J. Med. 319, 397.

. WAAGE A., HALSTENSEN A. & Espevik T. (1987) Association

between tumour necrosis factor in serum and fatal outcome in
patients with meningococcal disease. Lancet, 1, 355.

. Duncombe A.S. & Brenner M.K. (1988) Is circulating tumor

necrosis factor bioactive? N. Engl. J. Med. (letter) 319, 1227.

. SECKINGER P., IsAAZ S. & DAYER J.M. (1988) A human inhibitor of

tumor necrosis factor alpha. J. exp. Med. 167, 1511.

. LanTZ M., GULLBERG U., NiLssoN E. & OLssoN I. (1990) Charac-

terization in vitro of a human tumor necrosis factor-binding protein
— a soluble form of a tumor necrosis factor receptor. J. clin. Invest.
86, 1396.

. ENGELMANN H., Novick D. & WALLACH D. (1990) 2 tumor necrosis

factor-binding proteins purified from human urine—evidence for
immunological cross-reactivity with cell surface tumor necrosis
factor receptors. J. biol. Chem. 265, 1531.

. SECKINGER P., ZHANG J.H., HAUPTMANN B. & DAYER J.M. (1990)

Characterization of a tumor necrosis factor-alpha (TNF-alpha)
inhibitor—evidence of immunological cross-reactivity with the
TNF receptor. Proc. natl. Acad. Sci. U.S.A. 87, 5188.

. BROCKHAUS M., SCHOENFELD H.J., SCHLAEGER E.J., HUNZIKER W,

LESSLAUER W. & LoeTscHER H. (1990) Identification of 2 types of
tumor necrosis factor receptors on human cell lines by monoclonal
antibodies. Proc. natl. Acad. Sci. U.S.A. 87, 3127.

. HouMANN H.P., REMY R., PoscHL B. & VaNLOON A.P. (1990)

Tumor necrosis factor-alpha and factor-beta bind to the same 2
types of tumor necrosis factor receptors and maximally activate the
transcription factor NF-kappa-B at low receptor occupancy and
within minutes after receptor binding. J. biol. Chem. 265, 15138.

. HoHMANN H.P., REMY R., BROCKHAUS M. & vaN LooN A.P.G.M.

(1989) Two different cell types have different major receptors for
human tumor necrosis factor (TNF-a). J. biol. Chem. 264, 14927.

. LoerscHER H., PaN Y.C.E., LAHM H.W., GENTZ R., BROCKHAUS

M., TaBucHt H. & LESSLAUER W. (1990) Molecular cloning and
expression of the human 55 kd tumor necrosis factor receptor. Cell,
61, 351.

. SMITH C.A., DAvis T., ANDERSON D., SoLAM L., BECKMANN M.P.,

15.

16.

17.

18.

20.

21.

22.

23.

23

Jerzy R., Dower S.K., CosMaN D. & GoobpwiN R.G. (1990)
Receptor for tumor necrosis factor defines an unusual family of
cellular and viral proteins. Science, 248, 1019.

ScHaLL T.J., LEwis M., KoLLEr K.J., LEE A., RiCE G.C., WONG
G.H.W. et al. (1990) Molecular cloning and expression of a receptor
for human tumor necrosis factor. Cell, 61, 361.

NoPHAR Y., KEMPER O., BRAKEBUSCH C., ENGELMANN H., ZWANG
R., ADERKA D., HOLTMANN H. & WaALLACH D. (1990) Soluble forms
of tumor necrosis factor receptors (TNF-RS)—the cDNA for the
type-I TNF-R, cloned using amino acid sequence data of its soluble
form, encodes both the cell surface and a soluble form of the
receptor. EMBO J. 9, 3269.

GATANAGA T., Hwang C.D., KoHr W., Cappuccint F., Lucct
J.A., Jerres EW., LEntz R., ToMmicH J.,, Yamamoro RS. &
GRANGER G.A. (1990) Purification and characterization of an
inhibitor (soluble tumor necrosis factor receptor) for tumor necrosis
and lymphotoxin obtained from the serum ultrafiltrates of human
cancer patients. Proc. natl. Acad. Sci. U.S.A. 87, 8781.

GRrAY P.W., BARRETT K., CHANTRY D., TURNER M. & FELDMANN
M. (1990) Cloning of human tumor necrosis factor (TNF) receptor
cDNA and expression of recombinant soluble TNF-binding pro-
tein. Proc. natl. Acad. Sci. U.S.A. 87, 7380.

. Kouno T., BREWER M.T., BAKer S.L., ScHwArTZ P.E., KING

M.W., Hate K K., Squires C.H., THoMPSON R.C. & VANNICE J.L.
(1990) A second tumor necrosis factor receptor gene product can
shed a naturally occurring tumor necrosis factor inhibitor. Proc.
natl. Acad. Sci. U.S.A. 87, 8331.

DemsiIC Z., LOETSCHER H., GUBLER U., PAN Y-C.E., LAHM H-W_,
GENTZ R., BROCKHAUS M. & LESSLAUER W. (1990) Two human
TNF receptors have similar extracellular, but distinct intracellular,
domain sequences. Cytokine, 2, 231.

VAN SNIcK J., CAYPHAS S., VINK A., UYTTENHOVE C., COULIE P.G.,
RuBira M.R. & SiMpsoN R.C. (1986) Purification and NH2-
terminal amino acid sequences of a T-cell-derived lymphokine with
growth factor activity for B-cell hybridomas. Proc. natl. Acad. Sci.
U.S.A. 83,9679.

CLEVELAND W.S. (1979) Robust locally weighted regression and
smoothing scatterplots. J. Am. Statist. Assoc. 74, 829.

LEsSLAUER W., TABUCHI H., GENTZ R., SCHLAEGER E-J., BROCK-
HAUS M., Grau G., PiGUET P.F., POINTAIRE P., VassaLl P. &
LoetscHER H. (1991) Bioactivity of recombinant human TNF
receptor fragments. J. cell. Biochem. Suppl. 15F, 115.



